Large violation of the flavour SU(3) symmetry in ηMAID2018 isobar model ( We demonstrate that the explanation of the neutron anomaly around W ∼ 1685 MeV in γN → ηN reactions provided by the ηMAID2018 isobar model is based on large violation of the flavour SU(3) symmetry in hadron interactions. This is yet another example of how conventional explanation (without invoking exotic narrow nucleon resonance) of the neutron anomaly metamorphoses into unconventional physics picture of hadron interactions.
INTRODUCTION
The discovery of the neutron anomaly * in the γN → ηN cross section was reported first in Ref. [1] . Presently, three other experiments ( LNS [2] ,CBELSA/TAPS [3] , and A2 [4] ) confirmed the neutron anomaly beyond any doubts. For an illustration of the phenomenon, we show the recent results of the A2 collaboration on Fig. 1 . Furthermore the neutron anomaly at the same invariant mass of W ∼ 1685 MeV was also observed in the Compton scattering [6] . More recently the corresponding narrow structures were observed in spin asymmetry Σ for the Compton scattering off the proton [7] and in γN → πηN processes [8] . The precise πN scattering data also provided an evidence for the narrow structures [9] .
[MeV] [4] . Total cross sections as a function of the final-state invariant mass m(ηN ): Blue triangles: proton data. Red circles: neutron data scaled by 3/2. Black stars: free proton data from MAMI-C [5] . Hatched areas: total systematic uncertainties of proton (blue) and neutron (red) data.
Following the Prinzip der Denkökonomie the simplest and universal (in all channels) explanation of the neutron anomaly would be the assumption of new narrow nucleon resonance with stronger photo-coupling to the neutron. This option was suggested before the discovery of the neutron anomaly [10] (see Appendix for a reminder about this option). There are several conventional (without invoking exotic narrow nucleon resonance) explanations of the neutron anomaly, for critical discussion of these explanations see e.g. Refs. [11, 12] .
II. FLAVOUR SU(3) SYMMETRY CONSTRAINTS VERSUS ηMAID2018
In this notes we concentrate on yet another conventional explanation of the neutron anomaly in the ηMAID2018 isobar model [13] . The ηMAID isobar model provides a fitting function for the photo-production amplitudes with a number of free parameters. The later are adjusted to describe the current values of experimental observables. In recent fit [13] the parameters were adjusted to describe the peculiarities of the cross section of γN → ηN reactions with good χ 2 . Concerning the neutron anomaly the authors of [13] stated:
" Our analysis shows that the narrow bump in ηn and the dip in ηp channels have different origin. The first is a result of an interference of few resonances with a dominant contribution of the P 11 (1710). The second one is mainly a sum of S 11 (1535) and S 11 (1650) with opposite signs. However the narrowness of this structure is explained by a cusp effect due to the opening of the KΣ decay channel of the S 11 (1650) resonance."
Let us inspect the values of resonance parameters needed in the fit of Ref. [13] to explain the neutron anomaly. The values of the parameters are summarise in Table I . Table I . Resonance parameters used Ref. [13] to describe the neutron anomaly. See Table IV and Eq. (50) of Ref. [13] . The absolute values of the coupling constants are given. N/A marks undetermined in fit of Ref. [13] couplings
The approximate flavour SU(3) symmetry of strong interactions implies that the octet resonance coupling constants are related to each other by [14] :
Here α is related to the F/D ratio as α = F/(D + F ). In QCD, the accuracy of the formulae above is the order of O (m s /M strong ) with m s -strange quark mass and M strong ∼ 1 GeV is a typical scale in the problem. Detailed studies of the flavour SU(3) symmetry for resonance couplings were performed in Refs. [14, 15] . It was demonstrated that the SU(3) relations are satisfied with typical accuracy of 15 − 20% as it is expected for O (m s /M strong ).
Now we confront the SU (3) relations (1) with the ηMAID2018 results (see Table I ):
• for N 1535, • for N 1650, • for N 1710, [15] of the octet containing N (1710) state, as well as with all known results in variants of quark models for N (1710).
Above we considered in details only the key resonances relevant for the neutron anomaly. We checked that for almost all other resonances their couplings used by ηMAID2018 also do not satisfy the SU(3) symmetry constraints. Additionally, we tried different relations between the coupling constants and the branching ratios -instead of Eq. (50) of Ref. [13] we used Eqs. (4,5) of [16] as well. The result remains unchanged.
We can conclude that the values of resonance parameters used in ηMAID2018 to fit the neutron anomaly are not acceptable, unless one considerably revises the common knowledge of how SU(3) works in hadron interactions or one allows the presence of strong non-octet components in the amplitude.
III. DISCUSSION
In general, if one has a fit function with large number of free parameters, one is almost certainly able to describe fine peculiarities of observables (like in the case of the neutron anomaly) with reasonable χ 2 . † However, in the case of the neutral anomaly such approach often
• requires unnaturally fine tuning of relevant parameters,
• frequently the resulting parameters are either unphysical or violate fundamental symmetries.
Several years ago in Ref. [11] we illustrated this on example of the Bonn-Gatchina analysis of the neutron anomaly [18] . In [11] we showed that the fine tuning of photocouplings for known N (1535, 1/2 − ) and N (1650, 1/2 − ) resonances in Refs. [18] to describe the neutron anomaly unavoidably leads to the picture in which the well-known N (1650, 1/2 − ) resonance must be a cryptoexotic pentaquark with large ss Fock component. Very unconventional picture of this well studied resonance. In addition to this problem, it seems that the flavour SU(3) symmetry also is strongly violated in the recent Bonn-Gatchina [18, 19] fit of the neutron anomaly. We shall discuss this in details elsewhere [20] .
In this notes we gave yet another example of such situation -the conventional explanation (without invoking narrow resonance) of the neutron anomaly in the ηMAID2018 isobar model requires unconventionally large violation of the flavour SU(3) symmetry in hadron interactions. It seems, that if one uses the resonance couplings which satisfy the octet symmetry constraints, the ηMAID2018 description of the neutron anomaly fades away.
However, this can be mended if to note interesting coincidence -properties of the N (1710, 1/2 + ) resonance in ηMAID resemble very much the properties of the anti-decuplet nucleon. The photo-couplings are tuned in ηMAID such that |A In the ηMAID model the small dip in the proton channel is due to extraordinarily large coupling of the N (1650, 1/2 − ) to KΣ, which violates strongly the flavour SU(3) symmetry. The narrow antidecuplet J P = 1/2 + resonance can also easily solve this problem -its presence can reproduce the proton dip, see e.g. Ref. [28] .
The possibility of two component nature of N (1710) state was suggested in the past in Ref. [21] . Would be interesting to test such possibility again with new data.
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APPENDIX: NARROW NUCLEON FROM EXOTIC ANTI-DECUPLET
The simplest and economical physics explanation of the neutron anomaly is the existence of a narrow anti-decuplet of baryons. The existence of such narrow exotic baryon multiplet was predicted in Ref. [22] . Main properties of N * from the anti-deculpet which were predicted theoretically in years 1997-2004 (before the discovery of the neutron anomaly) are the following:
• quantum numbers are P 11 (J P = 1 2 + , isospin= • strong suppression of the proton photocoupling relative to the neutron one [10] , • the πN coupling is suppressed, N * prefers to decay into ηN , KΛ and π∆ [22] [23] [24] .
Detailed account for predictions and evidences for narrow anti-decuplet nucleon were presented at length previously in the literature (see e.g. [26, 31] ). Not to dwell on this once again, we just give the Table II which summarises extracted properties of the putative anti-decuplet nucleon resonance and relevant references. 
